1. Introduction {#sec1}
===============

The complete sequence of the human genome was released at the beginning of the XXI century and can be considered as the master library where all the genetic information is stored. All this information, to be used, must be properly read and interpreted. Even a well-known text like the Hamlet soliloquy "to be, or not to be..." would be hard to understand without word interruptions and punctuation. Indeed, the genetic code requires another code on top of it (from the Greek *επι*) that, like the annotations on the side of a book, enables the comprehension of the text \[[@B1]\]. The term "epigenetic landscape" was coined in 1939 by CH Waddington, before DNA was recognized as the molecule of inheritance, to describe the mechanisms of transition of the cells from the totipotent to the differentiated condition. In practice, epigenetics provides the tools to translate the information (genotype) into function (phenotype) \[[@B2]\]. Thus, if the sequence of the DNA stores all the data necessary to build a living cell or organism, epigenetic, like the operating system of a computer, decodes the information and determine when, how, and where a given set of instructions must be used.

Although epigenetic research has been traditionally focused on developmental and cancer-related alterations \[[@B3]--[@B5]\], the effect of the environment and of dietary factors on the epigenetic asset of the live beings is now being increasingly appreciated and the role of epigenetics in nontumor pathologic conditions is actively investigated \[[@B6], [@B7]\]. Epigenetic modulation occurs during the entire lifespan from conception to adulthood. Maternal diet, alcohol consumption, and smoke habits can all influence the epigenetic landscape, as well as later in life the exposure to environmental chemicals can disrupt the epigenetic programming \[[@B8], [@B9]\] beside increasing the cancer risk.

Epigenetic mechanisms are involved in drug resistance \[[@B10]--[@B12]\] and are responsible, at least in part, for the interindividual variation of the response to drugs \[[@B10]\]. In this respect, a particularly promising avenue for epigenetics is the development of new and effective therapies that could overcome drug resistance. The information contained in the DNA needs to be timely used; in this respect epigenetic modifications, because of their reversibility and rapid change, confer phenotypic plasticity in response to environmental or internal stimuli. From a therapeutic point of view, the reversibility of the epigenetic variations makes them ideal drug targets \[[@B11]\]; indeed in some experimental models drug resistance was found to be reversible and mediated by epigenetic mechanisms \[[@B12]\]. Along this line some reports have shown the clinical utility of drug rechallenge and the possibility to resensitize the patients to first line chemotherapeutic agents intervening on the epigenome \[[@B13]--[@B18]\]. Only four drugs are currently utilized as single agents or in combination for the therapy of Myelodysplastic Syndrome and Cutaneous T Cell Leukemia and other hematological disorders ([Table 1](#tab1){ref-type="table"}). However, at the end of 2014, 195 open trials based on or including epigenetic drugs were listed in the database of the clinical trials of the NIH (<https://clinicaltrials.gov/>). Noticeably, several of these ongoing trials are not aimed at treating cancer diseases ([Table 2](#tab2){ref-type="table"}) indicating that the potential therapeutic use of  "epigenetic drugs" is extending beyond the boundaries of cancer.

In this review we will discuss the interaction between the environment and the epigenome and how natural and synthetic molecules that modulate epigenetic factors can have preventive properties against cancer.

2. Mechanistic Aspects of Epigenetic Regulation {#sec2}
===============================================

Epigenetic inheritance occurs through four basic layers deeply interconnected:DNA methylation and hydroxymethylation,histone modification,chromatin remodeling,ncRNA.Epigenetic modifications are controlled by a set of enzymes whose functions can be summarized as follows: the "writers" are the enzymes that modify their target by adding residues (i.e., methyl groups to DNA or histones); the "erasers" remove the added residues and the "readers" are the proteins that recognize and bind to the modified targets and act as intermediate for subsequent protein-protein interactions ([Table 3](#tab3){ref-type="table"}).

The number of epigenetic modifier proteins is steadily increasing: in 2009 they were "only" 91 and in 2012 more than 109 different proteins were identified.

2.1. DNA Methylation and Hydroxymethylation {#sec2.1}
-------------------------------------------

DNA methylation is the most widely studied epigenetic alteration and was the first one to be linked to cancer \[[@B19]\]. The only biologically relevant C-methylation occurs at CpG doublets and is mediated by DNA methyltransferases (DNMTs) that catalyze the addition of a methyl group at C-5 of the cytosine. It is generally accepted that only DNMT1, DNMT3a, and DNMT3b are capable of C-methylation and that DNMT1 is responsible, mainly but not exclusively, of the maintenance of DNA methylation throughout development and cell life, thus preserving genomic integrity \[[@B20]\]. DNMT3a and DNMT3b are generally accepted as*de novo* DNMT for setting DNA methylation patterns. However,*de novo* and maintenance DNMTs are not tightly compartmentalized. The bulk of DNA methylation is carried out by DNMT1 which is also capable of*de novo* methylation. On the other hand, DNMT3a and DNMT3b can methylate the CpGs missed by DNMT1 at the replication fork thus serving as "maintenance DNMTs." The human genome contains approximately 3 × 10^7^ CpGs and although methylation at single doublets may, in principle, have functional consequences \[[@B21], [@B22]\], the biologically relevant DNA methylation is occurring at CpG cluster (CpG islands) \[[@B23], [@B24]\]. These clusters can be localized at the gene promoter and their methylation is inversely associated with transcription. CpG islands can be also intergenic or intragenic; these clusters are generally hypermethylated to prevent spurious initiation particularly at internal promoters. An example of inappropriate transcriptional activation is that of*ΔN-p73*, oncogenic and antiapoptotic variants of the*p73* gene from an internal promoter kept silenced by methylation of a small CpG island \[[@B25]--[@B27]\].

DNA methylation is deeply altered in cancer cells that present diffuse hypomethylation along with focal hypermethylation of selected genes or regions of the genome. The general idea is that hypomethylation contributes to genomic instability while hypermethylation inactivates tumor suppressor genes. However, the picture is likely much more complex and methylation changes outside promoter regions may have unexpected effects on gene expression \[[@B28], [@B29]\]. Aberrant DNA methylation is not restricted to cancer and is present also in disorders of imprinting like the Beckwith-Wiedemann syndrome \[[@B30]\], the Prader-Willi syndrome, the ICF syndrome \[[@B31]\], and other neurodevelopmental disorders \[[@B32]\].

5-Hydroxymethylcytosine (5-hmC) is considered as the "sixth base" of the genome, with 5-methylcytosine (5-mC) being the "fifth," and is an intermediate in the removal of methyl groups from cytosine by the TET 1 enzymes. 5-hmC has the opposite function of 5-mC and is a transcriptional activator \[[@B33], [@B34]\]. It is not clear if the mechanism through which 5-hmC activates transcription is the removal of the methyl group with the consequent displacement of the MDB or if TET proteins act as "readers" preventing the binding of DNMT.

2.2. Histone Modifications {#sec2.2}
--------------------------

DNA is tightly compacted around an octamer of histones forming a structure named "nucleosome" which is the basic unit of the chromatin and includes 146 bp of DNA wrapped around a disk-like structure composed of two molecules each of H2A, H2B, H3, and H4. A 80 bp linker DNA and a fifth histone (H1) separate adjacent nucleosomes. The electron microscopy appearance of the chromatin is that of a "beads-on-a-string" whose packaging is determined by the histones.

Histones for many years were considered simply as structural proteins whose function was to assemble DNA into chromosomes. Only in the 1960s Allfrey at al. \[[@B35], [@B36]\] showed that histones undergo postsynthetic modifications that are related to the control of transcription. Because of his pioneeristic work, Allfrey must be considered one of the fathers of epigenetics. Beside the five major histones, several variants with unique distribution patterns and functions not exerted by the "classic" histones have been described \[[@B36], [@B37]\]. The N-terminal tail of histones is subjected to various types of modification including acetylation, methylation, phosphorylation, ubiquitination, ADP-ribosylation, and biotinylation. The effects on transcription of some of these modifications are reported in [Table 4](#tab4){ref-type="table"}. Histone modifications occur at specific sites and in various combinations and, along with the discovery of specific functions of histone variants, generated the hypothesis of the "Histone Code" that postulates that distinct modifications, alone, or in combination or sequentially can be read by effector proteins to bring about downstream events \[[@B38]\].

Initially, the transcriptional control mechanism of histone modifications was considered to be primarily "mechanic." The transfer of acetyl groups mediated by Histone Acetyltransferases (HAT) to the lysines of histone tails neutralizes the positive charge of the AA and results in the weakening of the interaction with DNA \[[@B39], [@B40]\] and in a "relaxed" chromatin conformation. Deacetylation of histones by histone deacethylases (HDAC) restores the positive charge of lysines and the "closed" chromatin conformation. It is believed that the opening of the chromatin is a key step for the recruitment of the transcription machinery; thus, HAT and HDAC are transcriptional activators and silencers, respectively. Similarly, the phosphorylation of serine, threonine, and tyrosine mediated by kinases and phosphatases changes the net charge of histones contributing to the changes of the chromatin structure.

Also the methylation of histones occurring at lysine and arginine was discovered by Allfrey et al. in 1964 \[[@B40]\]. Differently from acetylation and phosphorylation, methylation does not change the protein charge and does not modify the interaction between DNA and histones. For many years histone methylation was considered an irreversible modification and only in 2004 the first histone demethylase (KDM), the LSD1 (KDM1) amine oxidase, was identified \[[@B41]\]. Since then many other KDM genes were identified and they represent a complex and expanding family involved in many aspects of cell physiology and pathology \[[@B42]--[@B44]\]. Several KDM genes act as oncogenes or antioncogenes, are involved in anticancer drug response, and have been proposed as therapeutic targets \[[@B12], [@B43], [@B45], [@B46]\]. The effect of methylation of histone tails on transcription is that of recruiting effector proteins with promoting or inhibiting properties.

2.3. Chromatin Remodeling {#sec2.3}
-------------------------

The tight packaging of chromatin prevents the binding of transcription factors and RNA polymerases. Chromatin remodeling can be obtained not only by histone acetylation/deacetylation but also through ATP-dependent protein complex formation, histone modification by polycomb proteins (PcG), and by interaction of noncoding RNA (ncRNA).

Nucleosomes can be repositioned by the SWI/SNF ATP-dependent complex through the formation of a DNA loop that moves repositioning the nucleosome and reduces the distance between adjacent nucleosomes \[[@B47], [@B48]\]. This process may activate transcription in regions where nucleosomes are relaxed and more distant and can silence the regions where chromatin is more compact.

PcG proteins repress transcription compacting the chromatin through DNA methylation and multiple histone modifications following a multistep protein recruitment that prevents mRNA elongation \[[@B49], [@B50]\].

ncRNA can influence transcription by targeting PcG proteins to specific sets of genes \[[@B51]\]. The interaction between ncRNA and PcG is particularly important in chromosome X inactivation. A ncRNA (*Xist*) is expressed from the noncoding X chromosome, recruits a PcG complex denoted as PRC2, and initiates silencing by binding the X chromosome \[[@B52]\].

2.4. ncRNA {#sec2.4}
----------

ncRNA are a class of RNA that are not translated into proteins, whose function is that of controlling the processing and function of other RNAs thus intervening in complex pathways and cell mechanisms. The principal ncRNA and their functions are reported in [Table 5](#tab5){ref-type="table"}.

In general ncRNAs interfere with the functionality of other RNAs through a mechanism called RNA interference (RNAi). RNAi regulates gene expression in a sequence-specific way without altering the target sequence; accordingly this mechanism is considered epigenetic. The role of micro-RNAs as epigenetic controllers is well recognized and this class of ncRNA is the most studied in this respect. miRNAs inactivate transcription by base pairing of nucleotides 2--8 (the "seed" region of miRNA) and the 3′UTR of the mRNA. This leads to premature degradation or to the stop of translation through the formation of the "silencing complex" \[[@B53]--[@B55]\]. miRNAs are involved in a variety of biological processes including cell growth and differentiation, apoptosis, maintenance of cell identity and they are deregulated in cancer and other diseases \[[@B56]\]. A miRNA can have multiple targets and a gene can be targeted by many miRNAs; thus, the regulatory pathway determined by these molecules can be extraordinary complex.

Interestingly, miRNAs expression can be modulated by DNA methylation and histone modifications and they can modulate the DNA methylation machinery leading to a "loop" of epigenetic regulation \[[@B57]--[@B59]\].

Importantly and interestingly, exogenous miRNA sequences may enter the cells from the outside and exert their biological effect \[[@B60]\] demonstrating that the environment can have profound effects on the epigenome.

3. Influence of the Environment on Epigenetic Marks {#sec3}
===================================================

Nucleated somatic cells of the human body contain approximately 3 billion bp of DNA that, in length, correspond to a filament of roughly 3 meters. Although tightly packaged in chromatin and hidden in the nucleus, DNA is exposed to a variety of agents that may influence epigenetic regulation. DNA methylation is considered a stable modification; however, it is sensitive to multiple agents including those that reduce the bioavailability of S-adenosylmethionine, the major methyl donor involved in DNA methylation \[[@B61]\]. Intuitively, the highly dynamic histone modifications are very sensitive to the environmental changes since each of the many enzymes involved in these processes is a potential target of epigenetic regulation. Moreover, drugs and dietary compounds and the exposure to contaminants that pass the placenta can produce subtle alterations of the developmental pattern of the fetus \[[@B62], [@B63]\]. According to the "developmental origin of adult health and disease" hypothesis \[[@B64], [@B65]\], exposure to chemicals or natural bioactive products during pregnancy may have long-term effects on health also through epigenetic mechanisms.

3.1. Epigenetic and Lifestyle {#sec3.1}
-----------------------------

The environmental agents that can interfere with DNA methylation are widespread and depend on lifestyles. Smoking, alcohol consumption, UV light exposure, or factors linked to oxidative stress are some of the most common and important lifestyle aspects that may alter the DNA methylation profile \[[@B66]\].

The effects of smoke on DNA methylation have been extensively studied but the results obtained are contradictory and no consensus has yet been reached. Indeed, if Benzo\[a\]pyrene has no effect on the methylation of the DNA sequences known to be involved in lung cancer \[[@B67]\], smoke condensate containing the full spectrum of carcinogenic substances found in cigarettes modifies the methylation patterns of tumor suppressor genes involved in the early stages of lung carcinogenesis \[[@B68], [@B69]\].

Experimental studies failed to demonstrate the direct carcinogenic activity of alcohol; however, the causal relation between alcohol intake and cancer has been established several years ago \[[@B70]\]. In a Dutch study on diet and cancer it has been demonstrated that the methylation pattern of tumor suppressor and DNA repair genes was altered in colorectal cancer patients with low folate/high alcohol intake \[[@B71]\]. However, a subsequent study failed to show the significant association between folate intake, alcohol and methylation of*MLH1*, a gene hypermethylated early during colon carcinogenesis \[[@B72]\]. It must be pointed out that these studies were conducted using qualitative methylation analysis techniques that may not be sufficiently accurate to disclose subtle, but clinically relevant differences of methylation. In this respect it has been demonstrated that quantitative methylation analysis offers significant advantages over purely qualitative techniques and enables to identify methylation cut-off values that define disease-specific methylation patterns \[[@B73]--[@B78]\].

Alcohol-related epigenetic changes influence neuronal growth and development and affect memory and learning possibly modifying the methylation status of many genes. In particular, a genome-wide methylation analysis, followed by stringent validation by quantitative methodologies, showed remarkable differences in 84 genes involved in brain metabolism and differentiation \[[@B79]\]. This study indicated that exposure to alcohol of early mouse embryo changed the methylation pattern and the expression of several genes and these alterations were put in relation with neural tube defects. Interestingly, the human homologues of many of the genes epigenetically modified by acute alcohol administration in mice are involved in neurologic pathologies like Alzheimer disease (APP), ALS-Parkinson (TRPM7), myotonic dystrophy (DMPK), Angelman syndrome (UBE3A), and others.

3.2. Endocrine Disrupting Chemicals in the Environment and Epigenetics {#sec3.2}
----------------------------------------------------------------------

A particularly serious and often poorly considered effect of the accumulation of chemicals in the environment is the alteration of the endocrine signaling pathways by chemicals (denoted by "Endocrine Disrupting Chemicals" (EDCs)) that mimic the action of the natural molecules \[[@B80]\].

Considering that these chemicals are utilized since the 1940s and that some of them, like biphenyls, are extremely resistant to degradation while the metabolites of others, like DDT, are biologically very active, it is not surprising that they are considered to constitute a health hazard.

The effect of EDC has been considered to be transgenerational and it is believed that these molecules could affect also the offspring through epigenetic mechanisms \[[@B81], [@B82]\].

Epigenetic inheritance has been advocated for many pathologic conditions and many experimental evidences have been accumulated in support of this hypothesis \[[@B83]--[@B86]\]. The concept of transgenerational epigenetic inheritance is very attractive and it has been demonstrated for plants and lower organisms like nematodes. However, recent surveys of the literature have raised several questions in particular on the role of the environment in epigenetic inheritance and on its extent in mammals \[[@B87], [@B88]\].

One of the most common EDCs found in the environment is Bisphenol A (BPA) a compound used in the manufacture of polycarbonate and epoxy resin. The most common mode of assumption of BPA in humans is through canned food since epoxy resin coating food cans and releases BPA. It has been estimated that the intake from food of this chemical is approximately 7 *µ*g/person/day. BPA and its derivatives can be easily detected in bodily fluids at bioactive concentrations \[[@B80]\]. Several reports describe the effect of BPA on epigenetic programming and demonstrate that this chemical can alter the expression of selected genes through histone methylation, DNA methylation changes, and miRNA expression. The exposure to BPA, in developmental*in vivo* models, increases the susceptibility to prostate cancer and it is likely involved in breast carcinogenesis \[[@B89]--[@B91]\]. In another experimental model, the continuous exposure of mice before mating and during gestation and lactation produced hypomethylation of the DNA, obesity, and diabetes and increased tumorigenicity in the offspring \[[@B92]\]. Interestingly, the epigenetic alterations induced by BPA could be counteracted by dietary supplementation with methyl donors \[[@B92]\].

Diethylstilbestrol (DES), a synthetic estrogen antagonist widely utilized between 1938 and 1971, induces vaginal cancer in the offspring of the treated mothers \[[@B93]\]. Persistent epigenetic changes that can be passed to the next generation can be induced by DES treatment \[[@B94], [@B95]\]. Among the genes whose expression and/or methylation is altered by*in utero* exposure to DES, two are particularly relevant for cancer development: the*EZH2* histone methyltransferase involved in breast cancer, in glioblastoma, and in other tumors \[[@B96], [@B97]\] and the*HOXA10* gene, involved in cell stemness and in glioblastoma \[[@B75], [@B98]\].

Beside DTT, other insecticides and pesticides, like Methoxychlor, Vinclozolin, and the widely used Permethrin, are widespread environmental contaminants and EDC; some of them have various effects on the epigenome since they can alter DNA methylation as well as the level of expression of the DNA methyltransferase*DNMT3B* \[[@B82], [@B99]--[@B101]\]. Several genes, including the paternally imprinted*H19*,*Gtl2*, and*Meg3* and the maternally imprinted*Peg1*,*Peg3*, and*Snrp* genes, are affected through altered CpG methylation levels in exposed animals. Interestingly, the effect persisted through three generations although diminished from F1 to F3 \[[@B102]\].

3.3. Nutrition and Epigenetics {#sec3.3}
------------------------------

The effect of the dietary habits on health and disease prevention has been the subject of many investigations and a proper and balanced diet is one of the key points of a "good lifestyle." Through food we are exposed daily to many toxic substances like, for example, BPA. At the same time certain components of the diet can modify the epigenetic pattern through natural bioactive components that can act on DNA methylation or histone modification \[[@B103]--[@B106]\] or, as in the case of exogenous miRNA, that can be direct epigenetic actors \[[@B60]\]. In a recent survey on the effects of dietary compounds on the basic mechanisms of epigenetics, it has been recognized that many vegetable components have detectable activities on HAT in human subjects \[[@B107], [@B108]\].

Several nutrients in the diet have a key role in the methylation of all biological substrates and can influence DNA methylation either by changing the availability of methyl donors or by modulation of the DNMTs activity ([Figure 1](#fig1){ref-type="fig"}) \[[@B109]\]. In particular, folic acid and Vitamins B6 and B12 are essential for the one-carbon metabolism and their insufficient dietary intake (or an excess) can alter the availability of S-adenosylmethionine, the methyl donor for DNA methylation. Folic acid prevents neural tube defects and in 1998 has led the FDA to require that certain foods and dietary supplements are enriched with folates. The*in vivo* effect of folic acid administration on DNA methylation has been well documented and intake or deprivation of folic acid in colon cancer and healthy individuals resulted in increase or decrease of methylation in colon mucosa and lymphocytes, respectively \[[@B110]--[@B113]\]. However, the impact of exogenous folate administration and of the modulation of DNA methylation in humans has not been fully determined as it will be discussed in more details in another section of this review. In particular, it is not clear how dosages and the length of the treatment affect DNA methylation and if there is a time-window,*in utero*, when treatment could significantly overcome nutritional deficiencies. As discussed earlier, the maternal exposure to epigenetic modifiers can affect the transmission of epigenetically controlled traits. In principle, the same effect can result from the administration with the diet of nutrients affecting the epigenome. Indeed, in mice, the addition of folic acid and choline, both involved in one-carbon metabolism, can increase the methylation of*IGF2* \[[@B114]\], an imprinted gene whose loss of imprinting is involved in colon cancer \[[@B115]\], and can alter histone modification possibly through the increase of histone methyltransferase expression \[[@B116]\]. In humans, understanding the effect on the offspring\'s epigenome of folic acid administration to pregnant women is complicated by the widespread utilization of folic acid as food supplement.

In animals, the effect of maternal diet on epigenetic marks has been widely studied and the results showed the complexity of the interplay between many different components \[[@B109]\].

In humans the impact of the diet on developmental reprogramming has never been formally proven; however, the effect of famine on the imprinting of the*IGF2* locus has been evaluated in 60 individuals of the "Hunger Winter Families Study" \[[@B117]\] conceived in Holland and in their siblings and in matched controls. The results of this study showed that the methylation level of*IGF2* was significantly lower in the individuals periconceptionally exposed to famine compared to the controls \[[@B118]\] supporting the hypothesis that epigenetic changes occurred in the early-life can be maintained during adulthood. However, the phenotypic consequences of the periconceptional exposure to epigenetic-modifying conditions are not known.

Folic acid and vitamins B2, B6, and B12 are not the only dietary components acting on the epigenome. Polyphenols, found in green tea and vegetables, are a group of natural compounds that do not modify the availability of methyl groups but interfere with the activity of DNMTs, HATs, and HDACs \[[@B119], [@B120]\]. Polyphenols have gained a particular interest when it was shown that they could revert malignancy-associated epigenetic alterations in cell lines \[[@B121]--[@B123]\] and that they could modulate DNA methylation in humans \[[@B124], [@B125]\].

Phytoestrogens are another group of naturally occurring molecules found predominantly in soybeans that inhibit DNMT1, DNMT3a, and DNMT3b and HDAC that were hypothesized to reduce the risk of hormone-related tumors \[[@B126]--[@B128]\].

Selenium is an essential component of the diet that can interfere with the epigenome by inhibiting DNMT and HDAC ([Figure 1](#fig1){ref-type="fig"}). Importantly, selenium can reactivate the expression of genes involved in the response to oxidative stress and to protection from carcinogen \[[@B129], [@B130]\].

The effects of nutrition at the early stages of gestation and in the early postnatal life are part of the complex field of disease chemoprevention that will be discussed in another part of this review.

3.4. Psycho-Epigenetics {#sec3.4}
-----------------------

The early-life experiences are considered the building blocks for adulthood and their importance is well recognized by psychologists. Alteration of the methylation levels of neuronal glucocorticoid receptors in hippocampus of suicide victims was put in relation with childhood abuse and similar results were obtained in rats exposed to stress \[[@B131], [@B132]\].

Although all these data support the concept that epigenetic mechanisms are regulated, by dietary and environmental factors, and may have an influence on health and behavior, the functional consequences of this type of control are largely incomplete and a task for future research will be to link, at the genome-wide and population level, epigenetic changes, expression of the genes, and the resulting phenotype.

4. Role of Epigenetics in Chemoprevention {#sec4}
=========================================

The possibility of modulating the epigenome through the diet opens the possibility of utilizing bioactive molecules for the prevention of diseases characterized by the alteration of the epigenetic asset. Intuitively, the utilization of synthetic or natural molecules with hypothetic chemopreventive properties was pioneered mainly for cancer where the effect of demethylating the genome is beneficial \[[@B133]\]. Indeed, along with the generalized hypomethylation that, supposedly, activates genes with oncogenic properties, cancer cells have a distinct hypermethylation profile that frequently involves genes with antioncogenic properties. The rationale for a hypomethylating therapy is to reactivate these dormant genes to counteract the effect of the active oncogenes. The basic concept of chemoprevention is to prevent the initiation or progression of premalignant lesions through the administration of synthetic compounds or through food additives. Ideally, chemoprevention should be focused toward individual at risk either familiar or because they are exposed to carcinogen. Epigenetic chemoprevention is particularly attractive because epigenetic alterations are reversible and are an early event in cancer development \[[@B134], [@B135]\].

The major drawback of epigenetic therapies is the lack of specificity and the global hypomethylation achieved by DNMT inhibitors might be highly detrimental. Indeed, repetitive elements and cryptic internal promoter are normally kept hypermethylated but can be reactivated by epigenetic drugs. This leads to genomic instability and to the illegitimate transcription of genes that, at a certain stage of development, should not be functional \[[@B136]--[@B139]\].

Thus, DNMT inhibitors, along with recognized anticancer activity, can promote oncogenic transformation that could be counteracted only with more specific drugs or by combination therapies targeting other epigenetic determinants and pathways \[[@B140]\].

4.1. Synthetic Drugs {#sec4.1}
--------------------

Synthetic inhibitors of DNMT and HDAC are being utilized mainly as therapeutic drugs rather than as chemopreventive agents in hematopoietic tumors \[[@B141]--[@B143]\]. These molecules inhibit DNA methylases by incorporating into DNA (5-Azacytidine and 5-Aza-2-deoxycytidine) or inhibit histone deacethylase (SAHA and TSA).

To be active, nucleoside analogues require their incorporation into DNA; for this reason, they are more effective on rapidly proliferating cells rather than on quiescent or nearly quiescent cells.

Inhibitors of HDAC and of DNA synergize together and are being utilized in combination in clinical trials. TSA and SAHA cannot reactivate hypermethylated genes unless a minimal demethylation is achieved by DNMT inhibition \[[@B144]\].

4.2. Natural Bioactive Food Components {#sec4.2}
--------------------------------------

We have previously seen that some diet components (folates, Vitamins B2, B6, and B12) are essential components of the one-carbon metabolisms and are involved in global DNA methylation. The cancer preventive effects of folates are, likely, tissue specific and age dependent. In rats, maternal supplementation of folic acid increases the methylation in the colon of the offspring and reduced by 64% the risk of colorectal cancer \[[@B145]\]. However, the same treatment reduced the overall methylation in mammary glands and doubled the risk of mammary carcinoma \[[@B146]\]. Folic acid can increase overall methylation in liver; however, this effect seems to be age-related occurring in mice older than 18 months but not in those below 4 months of age \[[@B147]\]. Trials in human subjects were contradictory. In a randomized trial, folic acid supplementation did not change the recurrence rate of colorectal adenoma in patients with a previous history of adenoma \[[@B148]\]. In another study conducted on healthy subjects, folic acid administration for 3 years resulted in the persistent methylation of cancer-related genes in the colon \[[@B149]\].

Folates and related drugs interfere with global methylation, and other molecules present some specificity in their action. Polyphenols, like epigallocatechin-3-gallate (EGCG), curcumin, and resveratrol are three molecules widely distributed in vegetables and other dietary components that are being studied for their anticancer properties \[[@B120]\]. Polyphenols exert their activity through several mechanisms: carcinogen detoxification, DNA repair, cell cycle progression, activation of differentiation, and epigenetic modulation. EGCG is active against many types of cancer cells \[[@B150]\], demethylates and reactivates several genes involved in cancer like*p16*,*RARβ*,*MGMT*,*hMLH1,* and*GSTP1*. Although EGCG seems to be a competitive inhibitor of DNMT1 \[[@B123]\], it can also have apparent demethylating activities or be inactive in some biological systems \[[@B151], [@B152]\].

Genistein, a phytoestrogen extracted from soybean, can interfere with multiple pathways through hormone receptors and has the same activities of EGCG on*p16*,*RARβ,* and*MGMT* \[[@B153]\]. Many*in vitro* studies have documented the antiproliferative and anticancer activities of genistein particularly, but not exclusively, in prostate and breast cancer \[[@B154], [@B155]\].*In vivo* model studies have shown that genistein can modify methylation levels in the prostate of mice \[[@B156]\] and that, overall, epigenetic changes could be detected by genistein treatment; however, the results on the anticancer activity of this compound were contradictory. Genistein seems to have protective effects against induced carcinogenesis \[[@B157]\] but it was also observed that genistein could even stimulate tumor growth through hormone receptors \[[@B153]\]. Moreover, the plasma concentration required for these effects is unlikely to be reached by dietary intake. It must be stressed that these studies were conducted in models using cell lines that may not be representative of the disease.

Retinoids interfere in the DNA methylation mechanisms intervening in the one-carbon metabolism upregulating the glycine-N-methyltransferase and their cancer preventive activity has been extensively studied \[[@B158], [@B159]\]. Retinoids revert the cancer phenotype of breast and promyelocytic leukemia by demethylation and reactivation of the*RARβ2* receptor \[[@B160]--[@B162]\] and a recent epigenome-wide analysis identified a subset of genes, including stem cell genes, selectively modulated by retinoids \[[@B163]\].

Retinoids, polyphenols, and fatty acids can target the polycomb transcriptional repressor complexes that participate in the epigenetic silencing through methylation of Histone 3 (H3K27me3) \[[@B164]\]. Retinoic acid displaces PcG from its target genes including*HOXA1* and*RARβ2* \[[@B165]\], whereas ECGC reduces the expression of the PcG components*BMI1* and*EZH2*, slows the proliferation of cancer cells, and promotes apoptosis. A similar effect is exerted by curcumin \[[@B166], [@B167]\].

The inhibition of breast cancer cells growth was observed by dietary omega-3 fatty acids treatment and was related to the downmodulation of*EZH2* \[[@B168]\].

5. Conclusions {#sec5}
==============

We have summarized the effects of environmental and of some lifestyle factors on epigenetic regulatory processes and we have reported the results of studies showing that some dietary components may have a role in cancer prevention.

Many environmental factors, including mother\'s diet and chemical pollution, can induce epigenetic alterations at conception or later in the uterine life. However, the phenotypic consequences of these early-life modifications should be still disclosed in full. Moreover, although epigenetic marks are considered inheritable, transgenerational epigenetic inheritance can be the result of confounding mechanisms such as cryptic genomic variations, behavioral or microbial effects.

Overall, many experimental evidences indicate that certain food components may interfere with cancer development and growth through epigenetic mechanisms. However, much work is needed to efficiently translate the promising results obtained*in vitro* and in animal models to the health system. In this respect, the antineoplastic properties of folates were not confirmed in clinical trials \[[@B148]\]. Moreover, it remains to be precisely established if the oral administration of unsupplemented food is sufficient to gain clinically relevant dosages of bioactive compounds, if there is a preferred timing of the life when the addition of food components could be effective and the extent and the duration of the biological effect. In conclusion, the now standardized technologies of epigenome analysis coupled with whole-genome expression studies are required to determine the biological and clinical impact of environmentally induced epigenetic modifications in humans.
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:   X-inactive specific transcript (ncRNA).
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###### 

FDA approved epigenetic drugs.

  Common name              Trade name   Disease   Route   Mode of action
  ------------------------ ------------ --------- ------- ----------------
  SAHA, vorinostat         Zolinza      CTCL      PO      HDAC inhibitor
  Romidepsin               Istodax      CTCL      IV      HDAC inhibitor
  5-Azacitidine            Vidaza       MDS       IV      DNMT inhibitor
  5-Aza-2′-deoxycytidine   Dacogen      MDS       IV      DNMT inhibitor

CTCL: cutaneous T cell lymphoma.

MDS: myelodisplastic syndromes.

###### 

Epigenetic modifier drugs in noncancer clinical trials (partial list).

  Drug                                Disease                       NCT number                                                           Phase
  ----------------------------------- ----------------------------- -------------------------------------------------------------------- ---------
  5-Azacitidine                       Beta thalassemia              [NCT00005934](https://www.clinicaltrials.gov/ct2/show/NCT00005934)   Phase 2
  5-Azacytidine + Na phenylbutyrate   Thalassemia major             [NCT00007072](https://www.clinicaltrials.gov/ct2/show/NCT00007072)   Phase 2
  Resveratrol                         Cardiovascular diseases       [NCT01449110](https://www.clinicaltrials.gov/ct2/show/NCT01449110)   Phase 2
  Resveratrol                         Trauma                        [NCT01321151](https://www.clinicaltrials.gov/ct2/show/NCT01321151)   Phase 1
  Resveratrol                         Metabolic syndrome, obesity   [NCT01150955](https://www.clinicaltrials.gov/ct2/show/NCT01150955)   Phase 1
  Curcumin                            Irritable bowel syndrome      [NCT00779493](https://www.clinicaltrials.gov/ct2/show/NCT00779493)   Phase 4
  Curcumin                            Alzheimer disease             [NCT00164749](https://www.clinicaltrials.gov/ct2/show/NCT00164749)   Phase 2
  Curcumin                            Psoriasis                     [NCT00235625](https://www.clinicaltrials.gov/ct2/show/NCT00235625)   Phase 2

###### 

Enzymes involved in epigenetic modifications.

  Enzyme                                                                   *N*     Function
  ------------------------------------------------------------------------ ------- ----------
  DNA methyltransferase (DNMT)                                             5        
  Histone Acethyltransferase (HAT)                                         19      Writer
  Histone methyltransferase (HMT)                                          41       
                                                                                   
  Histone deacethylase (HDAC)                                              13      Eraser
  Histone demethylase (KDM)                                                26      
                                                                                   
  Methyl binding proteins (MBD1)                                           5        
  Proteins that recognize and react to specific modified histone residue   *N*     Readers
                                                                                   
  Total (April 2012)                                                       \>109    

###### 

Effect of histone modifications on transcription in mammals.

  Modification      Histone      Site         Effect
  ----------------- ------------ ------------ ------------
  Acetylation       H2A          Lys5         Activation
  H2B               Lys5         Activation   
  Lys12             Activation                
  Lys15             Activation                
  Lys20             Activation                
  H3                Lys4         Activation   
  Lys9              Activation                
  Lys14             Activation                
  Lys18             Activation                
  Lys23             Activation                
  Lys27             Activation                
  H4                Lys5         Activation   
  Lys8              Activation                
  Lys12             Activation                
  Lys16             Activation                
                                              
  Methylation       H1           Lys26        Repression
  H3                Lys4         Activation   
  Arg8              Repression                
  Lys9              Repression                
  Arg17             Activation                
  Lys27             Repression                
  Lys36             Activation                
  Lys79             Activation                
  H4                Lys20        Repression   
  Lys59             Repression                
                                              
  Phosphorylation   H1           Ser27        Activation
  H2A               Ser1         Repression   
  H3                Ser10        Activation   
  Ser28             Activation                
                                              
  Ubiquitylation    H2B          Lys120       Activation

###### 

Principal ncRNAs.

  ncRNA        Length (bp)   Function
  ------------ ------------- ---------------------------------------------------------
  miRNA        21--23        mRNA targeting
  siRNA        20--25        Targeting of specific genes by sequence complementarity
  piRNA        27--30        Chromatin regulation and transposon silencing
  XiRNA        24--42        Control X chromosome methylation and inactivation
  Long ncRNA   \>200         Various, including targeting of specific genes
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